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INDUCTIVE HARNESS COUPLING AND harness using signal modulation ; and a plurality of inductive 
COMMUNICATION FOR DISTRIBUTED coupling modules , each inductive coupling module induc 

ARCHITECTURES tively receiving power and the communication signal from 
a location along the power distribution wiring harness , 

CROSS - REFERENCE TO RELATED 5 wherein each inductive coupling module is structured to 
APPLICATIONS transmit at least one of the power and the communication 

signal to one or more loads , wherein each inductive coupling 
This application claims the benefit of priority to U . S . module is separate from other inductive coupling modules in 

Provisional Patent Application No . 61 / 932 . 129 . entitled the plurality of inductive coupling modules . According to 
“ INDUCTIVE HARNESS COUPLING AND COMMUNI - 10 one embodiment , the apparatus is included with a vehicle . 
CATION FOR DISTRIBUTED ARCHITECTURES , ” filed Accordingly , the one or more loads may include one or more 
Jan . 27 , 2014 , which is incorporated herein by reference in electrically - powered components in the vehicle . Therefore , 
its entirety . the apparatus provides a system and structure for wirelessly 

transferring power from a power source to the one or more 
TECHNICAL FIELD electrically - powered components . Accordingly , electrical 

couplers used to connect each component to the harness are 
The present disclosure relates to power transmission reduced / eliminated . This provides the apparatus with a 

More particularly , the present disclosure relates to systems modularity that makes it applicable with many vehicles ( i . e . , 
and methods of transmitting power and communication vehicle - specific wiring harnesses are unneeded ) . 
signals . 20 Still another embodiment relates to a vehicle . The vehicle 

includes an engine ; a battery structured to provide direct 
BACKGROUND current ( “ DC ” ) power ; an AC power module electrically 

coupled to the battery , the AC power module including a 
Typical vehicles include an assortment of electrically DC - to - AC inverter structured to invert the direct current 

powered components . These components may include 25 power from the battery to alternating current ( " AC " ) elec 
radios , speakers , injectors , actuators , sensors , and the like . trical power ; a power distribution wiring harness that 
To power these components , a wiring harness is assembled , includes at least two wires , the power distribution wiring 
attached to an electrical power source within the vehicle harness electrically coupled to the engine and the AC power 
( e . g . , a battery ) , and individually connected ( i . e . , a point - module , wherein the power distribution wiring harness is 
to - point connection scheme ) to each and every electrically - 30 structured to receive AC electrical power from the AC power 
powered component within the vehicle . Due to the myriad of module ; two or more loads , wherein the two or more loads 
places that the electrically - powered components may be are in a power balanced relationship with each other , and a 
located , the wiring harness is typically very long , bulky , and plurality of inductive coupling modules wirelessly coupled 
consequently , unwieldy . to the power distribution wiring harness and electrically 

35 coupled to the two or more loads in the vehicle , and wherein 
SUMMARY at least one inductive coupling module is structured to 

inductively receive AC electrical power from the power 
One embodiment relates to an apparatus . The apparatus distribution wiring harness and transmit the AC electrical 

includes an AC power module structured to provide alter - power to at least one of the two or more loads in the vehicle . 
nating current ( " AC " ) electrical power ; a power distribution 40 Still another embodiment relates to a vehicle . The vehicle 
wiring harness structured to receive the AC electrical power includes an internal combustion engine ; an AC power mod 
from the AC power module ; two or more electrically - ule that provides alternating current ( " AC " ) electrical power 
powered loads in a power balanced relationship with one to the engine ; a power distribution wiring harness for the 
another ; and a plurality of inductive coupling modules engine that receives electrical power from the AC power 
wirelessly coupled to the power distribution wiring harness 45 module ; and a plurality of inductive coupling modules , each 
and electrically coupled to the two or more electrically inductive coupling module wirelessly receiving power from 
powered loads , wherein at least one inductive coupling a location along the power distribution wiring harness and 
module is structured to inductively receive AC electrical transmitting the power to one or more loads of the engine , 
power from the power distribution wiring harness and wherein each inductive coupling module is separate from 
transmit the AC electrical power to at least one of the two or 50 other inductive coupling modules in the plurality of induc 
more electrically - powered loads . According to one embodi - tive coupling modules . 
ment , a different wiring harness is used for each set of two Yet another embodiment relates to a method . The method 
or more electrically - powered loads in a balanced power includes providing , by an AC power module , alternating 
relationship . By coupling power balanced loads together , current ( “ AC ” ) electrical power ; providing two or more 
reception and providing the AC electrical power ( or DC 55 electrically - powered loads in a power balanced relationship 
power if converted ) to the two or more power balanced loads with each other ; receiving , by a power distribution wiring 
is achieved or substantially achieved without various elec harness in a vehicle , the AC electrical power ; transmitting , 
trical current management or dissipation devices . In turn , the by the power distribution wiring harness , the AC electrical 
apparatus may readily be implemented in various embodi - power to an inductive coupling module , wherein the AC 
ments ( e . g . , vehicle - to - vehicle ) without excessive modifica - 60 electrical power is transmitted inductively from the power 
tion in order to be used right away . distribution wiring harness to the inductive coupling mod 

Another embodiments relates to an apparatus . The appa - ule ; and transmitting , by the inductive coupling module , the 
ratus includes an AC power module that provides alternating received AC electrical power to at least one of the two or 
current ( " AC " ) electrical power ; a power distribution wiring more electrically - powered loads . 
harness that receives the AC electrical power from the AC 65 Yet another embodiment relates to a method . The method 
power module ; a signal injection module that injects a includes receiving , by a power distribution wiring harness in 
communication signal on the power distribution wiring a vehicle , alternating current ( “ AC ” ) electrical power from 
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an AC power source ; receiving , by the power distribution be embodied as a system , method , and / or computer program 
wiring harness in a vehicle , a modulated communication product . Accordingly , some aspects of the present invention 
signal ; transmitting , by the power distribution wiring har - may take the form of an entirely hardware embodiment , as 
ness , the AC electrical power and the modulated communi computer instructions on a non - transient computer readable 
cation signal to an inductive coupling module , wherein the 5 storage medium embodiment ( including firmware , micro 
AC electrical power and the modulated communication code , etc . ) or an embodiment combining the non - transient 
signal are transmitted wirelessly from the power distribution computer readable storage medium and hardware aspects 
wiring harness to the inductive coupling module ; and trans that may all generally be referred to herein as a “ circuit , ” 
mitting , by the inductive coupling module , at least one of the “ module , ” or “ system . ” 
AC electrical power and the modulated communication 10 Thus , in certain embodiments , the system disclosed herein Ti 
signal to one or more loads in the vehicle . further includes a controller structured to control operation 

BRIEF DESCRIPTION OF THE DRAWINGS of the system . In certain embodiments , the controller forms 
a portion of a processing subsystem including one or more 

In order that the advantages of the invention will be 15 computing devices having memory , processing , and com 
munication hardware . The controller may be a single device readily understood , a more particular description of the 

invention briefly described above will be rendered by ref or a distributed device , and the functions of the controller 
erence to specific embodiments that are illustrated in the may be performed by hardware and / or as computer instruc 
appended drawings . Understanding that these drawings tions on a non - transient computer readable storage medium . 
depict only typical embodiments of the invention and are not 20 In certain embodiments , the controller includes one or more 
therefore to be considered to be limiting of its scope , the modules structured to functionally execute the operations of 
invention will be described and explained with additional the controller . The description herein including modules 
specificity and detail through the use of the accompanying emphasizes the structural independence of the aspects of the 
drawings , in which : controller , and illustrates one grouping of operations and 

FIG . 1 is a schematic block diagram of one embodiment 25 responsibilities of the controller . Other groupings that 
of an inductively coupled power distribution system ; execute similar overall operations are understood within the 

FIG . 2 is a schematic block diagram of another embodi scope of the present application . Modules may be imple 
ment of an inductively coupled power distribution system ; mented in hardware and / or as computer instructions on a 

FIG . 3A is a schematic block diagram of one embodiment non - transient computer readable storage medium , and mod 
of an inductive coupling module ; 30 ules may be distributed across various hardware or computer 

FIG . 3B is a schematic block diagram of another embodi - based components . More specific descriptions of certain 
ment of an inductive coupling module ; and embodiments of controller operations are included in the 

FIG . 4 is a flowchart of a method of providing at least one section referencing FIG . 1 . Example and non - limiting mod 
of power and communication data to one or more loads in a ule implementation elements include sensors providing any 
system . 35 value determined herein , sensors providing any value that is 

a precursor to a value determined herein , datalink and / or 
DETAILED DESCRIPTION network hardware including communication chips , oscillat 

ing crystals , communication links , cables , twisted pair wir 
Reference throughout this specification to “ one embodi - ing , coaxial wiring , shielded wiring , transmitters , receivers , 

ment , " " an embodiment , ” or similar language means that a 40 and / or transceivers , logic circuits , hard - wired logic circuits , 
particular feature , structure , or characteristic described in reconfigurable logic circuits in a particular non - transient 
connection with the embodiment is included in at least one state configured according to the module specification , any 
embodiment . Thus , appearances of the phrases “ in one actuator including at least an electrical , hydraulic , or pneu 
embodiment , ” “ in an embodiment , ” and similar language matic actuator , a solenoid , an op - amp , analog control ele 
throughout this specification may , but do not necessarily , all 45 ments ( springs , filters , integrators , adders , dividers , gain 
refer to the same embodiment , but mean “ one or more but elements ) , and / or digital control elements . 
not all embodiments ” unless expressly specified otherwise . Many of the functional units described in this specifica 
The terms “ including , " " comprising , ” “ having , ” and varia - tion have been labeled as modules , in order to more par 
tions thereof mean “ including but not limited to " unless ticularly emphasize their implementation independence . For 
expressly specified otherwise . An enumerated listing of 50 example , a module may include a hardware circuit compris 
items does not imply that any or all of the items are mutually i ng custom VLSI circuits or gate arrays , off - the - shelf semi 
exclusive and / or mutually inclusive , unless expressly speci - conductors such as logic chips , transistors , or other discrete 
fied otherwise . The terms “ a , " " an , ” and “ the ” also refer to components . A module may also be fully or partially imple 
“ one or more ” unless expressly specified otherwise . mented in programmable hardware devices such as field 

Furthermore , the described features , advantages , and 55 programmable gate arrays , programmable array logic , pro 
characteristics of the embodiments may be combined in any grammable logic devices or the like . 
suitable manner . One skilled in the relevant art will recog Some modules or portions of modules may also be 
nize that the embodiments may be practiced without one or implemented for execution by various types of processors . 
more of the specific features or advantages of a particular An identified module of program code may , for instance , 
embodiment . In other instances , additional features and 60 comprise one or more physical or logical blocks of computer 
advantages may be recognized in certain embodiments that instructions which may , for instance , be organized as an 
may not be present in all embodiments . object , procedure , or function . Nevertheless , the executables 

These features and advantages of the embodiments will of an identified module need not be physically located 
become more fully apparent from the following description together , but may comprise disparate instructions stored in 
and appended claims , or may be learned by the practice of 65 different locations which , when joined logically together , 
embodiments as set forth hereinafter . As will be appreciated comprise the module and achieve the stated purpose for the 
by one skilled in the art , aspects of the present invention may module ( e . g . , a distributed architecture ) . 
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Indeed , a module of program code may be a single in the computer readable medium produce an article of 
instruction , or many instructions , and may even be distrib - manufacture including instructions which implement the 
uted over several different code segments , among different function / act specified in the schematic flowchart diagrams 
programs , and across several memory devices . Similarly , and / or schematic block diagrams block or blocks . 
operational data may be identified and illustrated herein 5 The schematic flowchart diagrams and / or schematic block 
within modules , and may be embodied in any suitable form diagrams in the Figures illustrate the architecture , function 
and organized within any suitable type of data structure . The ality , and operation of possible implementations of appara 
operational data may be collected as a single data set , or may tuses , systems , methods and computer program products 
be distributed over different locations including over differ - according to various embodiments of the present invention . 
ent storage devices , and may exist fully , or at least partially , 10 In this regard , each block in the schematic flowchart dia 
as electronic signals on a system or network . Where a grams and / or schematic block diagrams may represent hard 
module or portions of a module are implemented in non - ware , a module , segment , or portion of code , which com 
transient machine readable instructions , the program code prises one or more executable instructions of the program 
may be stored and / or propagated on in one or more computer code for implementing the specified logical function ( s ) . 
readable medium ( s ) . 15 It should also be noted that , in some alternative imple 

The computer readable medium may be a tangible com - mentations , the functions noted in the block may occur out 
puter readable storage medium storing the program code . of the order noted in the Figures . For example , two blocks 
The computer readable storage medium may be , for shown in succession may , in fact , be executed substantially 
example , but not limited to , an electronic , magnetic , optical , concurrently , or the blocks may sometimes be executed in 
electromagnetic , infrared , holographic , micromechanical , or 20 the reverse order , depending upon the functionality 
semiconductor system , apparatus , or device , or any suitable involved . Other steps and methods may be conceived that 
combination of the foregoing . are equivalent in function , logic , or effect to one or more 

The computer readable medium may also be a computer blocks , or portions thereof , of the illustrated Figures . 
readable signal medium . A computer readable signal Although various arrow types and line types may be 
medium may include a propagated data signal with program 25 employed in the flowchart and / or block diagrams , they are 
code embodied therein , for example , in baseband or as part understood not to limit the scope of the corresponding 
of a carrier wave . Such a propagated signal may take any of embodiments . Indeed , some arrows or other connectors may 
a variety of forms , including , but not limited to , electrical , be used to indicate only the logical flow of the depicted 
electro - magnetic , magnetic , optical , or any suitable combi - embodiment . For instance , an arrow may indicate a waiting 
nation thereof . A computer readable signal medium may be 30 or monitoring period of unspecified duration between enu 
any computer readable medium that is not a computer merated steps of the depicted embodiment . It will also be 
readable storage medium and that can communicate , propa - noted that each block of the block diagrams and / or flowchart 
gate , or transport program code for use by or in connection diagrams , and combinations of blocks in the block diagrams 
with an instruction execution system , apparatus , or device . and / or flowchart diagrams , can be implemented by special 
Program code embodied on a computer readable signal 35 purpose hardware - based systems that perform the specified 
medium may be transmitted using any appropriate medium , functions or acts , or combinations of special purpose hard 
including but not limited to wire - line , optical fiber , Radio ware and program code . 
Frequency ( RF ) , or the like , or any suitable combination of Referring now to FIG . 1 , a schematic block diagram of 
the foregoing one embodiment of an inductively coupled power distribu 

In one embodiment , the computer readable medium may 40 tion system 100 is shown . The power distribution system 
comprise a combination of one or more computer readable 100 includes an AC power module 102 , a power distribution 
storage mediums and one or more computer readable signal wiring harness 104 , and several inductive coupling modules 
mediums . For example , program code may be both propa - 106 connected to loads 108 , an engine system 110 , a vehicle 
gated as an electro - magnetic signal through a fiber optic 112 , and a DC power source 114 , which are described below . 
cable for execution by a processor and stored on RAM 45 It should be understood that the vehicle 112 and engine 
storage device for execution by the processor . system 110 may include a wide range of vehicles and engine 

Aspects of the embodiments are described below with system : from full electrical vehicles to hybrid vehicles 
reference to schematic flowchart diagrams and / or schematic ( internal combustion engine and electrically - powered 
block diagrams of methods , apparatuses , systems , and com - vehicles ) to internal combustion engine power vehicles . All 
puter program products according to embodiments of the 50 such variations are intended to fall within the spirit and 
invention . It will be understood that each block of the scope of the present disclosure . 
schematic flowchart diagrams and / or schematic block dia - The inductively coupled power distribution system 100 
grams , and combinations of blocks in the schematic flow - includes an AC power module 102 that provides electrical 
chart diagrams and / or schematic block diagrams , can be power ( i . e . , alternating current electrical power ) with an 
implemented by program code , hardware , or both . The 55 alternating current ( “ AC ” ) voltage waveform and a power 
program code may be provided to a processor of a general distribution wiring harness 104 that receives electrical 
purpose computer , special purpose computer , sequencer , or power from the AC power module 102 . Along the power 
other programmable data processing apparatus to produce a distribution wiring harness 104 are inductive coupling mod 
machine , such that the instructions , which execute via the ules 106 that receive power from the power distribution 
processor of the computer or other programmable data 60 wiring harness 104 and that transmit the power to the loads 
processing apparatus , create means for implementing the 108 . According to one configuration , the inductive coupling 
functions / acts specified in the schematic flowchart diagrams modules 106 receive power from the power distribution 
and / or schematic block diagrams block or blocks . wiring harness 104 via electromagnetic induction . Accord 

The program code may also be stored in a computer ingly , the inductive modules 106 and harness 104 may be 
readable medium that can direct a computer , other program - 65 free from physical , mechanical contacts ( i . e . , " contact 
mable data processing apparatus , or other devices to func - less ” ) . In one embodiment , the AC power module 102 and 
tion in a particular manner , such that the instructions stored at least a portion of the power distribution wiring harness 
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104 are within an engine system 110 , such as an internal coupling modules 106 are shown intercepting the power 
combustion engine system . The engine system 110 may distribution wiring harness 104 , but one skilled in the art will 
include a motor and controls or may include additional recognize that some configurations of an inductive coupling 
engine components such as a radiator , at least part of a fuel module 106 may be located adjacent to conductors of the 
system , etc . In one embodiment , the engine system 110 is 5 power distribution wiring harness 104 without a break in the 
part of a vehicle 112 , such as a truck , an automobile , a conductors of the power distribution wiring harness 104 . In 
tractor , etc . In another embodiment , the engine system 110 another embodiment , a location with an inductive coupling is part of a power generation system ( not shown ) such as a module 106 may include a portion of the inductive coupling stationary electric generator . One skilled in the art will module 106 in line with at least one of the conductors of the recognize other systems that may include a AC power 10 power distribution wiring harness 104 . Various embodi module 102 , a power distribution wiring harness 104 , and ments of the inductive coupling module 106 are discussed one or more inductive coupling modules 106 that provide further with respect to FIGS . 3A and 3B . power to loads 108 . 

In one embodiment , the AC power module 102 is coupled In one embodiment , the inductive coupling modules 106 
to a DC power source 114 . For example , the AC power 15 and associated loads 108 are located in the engine system 
module 102 may include an inverter that inverts direct 110 . In another embodiment , the inductive coupling mod 
current ( “ DC " ) power from the DC power source 114 to an ules 106 and associated loads 108 are associated with the 
AC voltage waveform . For example , the DC power source engine system 110 and the vehicle 112 . In another embodi 
114 may include a battery , such as a vehicle battery and the ment , the inductively coupled power distribution system 100 
AC power module 102 may include an inverter or other 20 may be independent of both an engine system 110 and a 
device that converts / inverts DC power to an AC waveform . vehicle 112 and may provide power distribution for another 
In another embodiment , the inductively coupled power device , such as an appliance , a computer , or other device 
distribution system 100 does not include a DC power source requiring electrical power . 
114 and power to the engine system 110 and / or vehicle 112 According to one embodiment , two or more of the loads 
is derived from the AC power module 102 . For example , the 25 108 are in a power balanced relationship with one another . 
AC power module 102 may include an AC generator that A power balanced relationship does not necessarily mean 
generates an AC waveform , such as an induction ( asynchro that each of the two or more loads require the same amount nous ) generator . In another embodiment , the AC power of electrical current or power to operate . Rather , a power module 102 may receive power from an AC voltage source balanced relationship is meant to be broadly interpreted to such as a building AC power system . The power distribution 30 indicate a relationship between two or more loads ( e . g . , an system 100 may also include an energy storage source , such oxygen sensor and an accelerator pedal position sensor ) that as a battery and power from the battery may be converted to utilize an approximately equal amount of power to operate AC power when the AC power system is not available . 

The AC voltage waveform may include a sinusoidal ( e . g . , within a predefined percentage ) . To that end , one of 
fundamental AC waveform and one or more AC waveforms 35 ms zs ordinary skill in the art would recognize various loads , for m 
each with a frequency different than the fundamental AC example in a vehicle , that require approximately the same 
waveform , such as harmonics of the fundamental AC wave - amount of power to operate . In certain embodiments , elec 
form . In one embodiment , the AC waveform includes a trically - powered loads may be grouped together based on 
sinusoidal fundamental AC waveform that has a frequency their power consumption or current draw needed to function 
that is lower than one or more frequencies of a communi - 40 ( i . e . , grouped together based on being in a power balanced 
cation signal riding on the AC waveform . For example , the relationship ) . For example , the groupings may correspond 
one or more frequencies of the communication signal may with a first group of high - power consuming loads , a second 
be ten times or more than the frequency of the fundamental group of medium - power consuming loads , and a third group 
AC waveform . The frequency of the fundamental AC wave of low - power consuming loads . The low - power consuming 
form , in various embodiments , may be 60 hertz ( “ HZ ” ) , 400 45 loads may correspond to a sensor circuit ( i . e . , a group of 
Hz , 10 kilo Hz ( “ kHz ” ) , 100 kHz , etc . while the frequencies sensors in the vehicle that only need a certain amount of 
of the communication signal may be in the kHz or the mega power ( e . g . , below a threshold ) to operate ) . For example , the 
Hz ( “ MHz ” ) range . sensor circuit may include an oxygen sensor , an accelerator 

In one embodiment , the power distribution wiring harness pedal position sensor , an ammonia sensor in an exhaust gas 
104 includes at least two wires , such as a “ hot ” conductor 50 aftertreatment sensor , a headlight sensor , etc . In comparison , 
and a neutral conductor that may be a grounded conductor . medium - power consuming loads may include an air com 
In another embodiment , the power distribution wiring har - pressor and a fan . Finally , for example , a high - power con 
ness 104 is for a three - phase power system and includes at suming load may include an alternator . 
least three phase conductors ( i . e . , A , B , and C ) and may According to one embodiment , each group of loads is 
include a neutral conductor . In one embodiment , the power 55 provided with a dedicated power distribution wiring harness 
distribution wiring harness 104 is distributed and includes and a dedicated plurality of inductive coupling modules 
conductors that connect to a main set of conductors . In ( e . g . , one or more inductive coupling modules for each load 
another embodiment , the power distribution wiring harness in the particular group of loads ) . In this regard , the current 
104 includes a power loop where a hot conductor is con - amount transmitted on the power distribution wiring harness 
figured in a loop and a neutral is also configured in a separate 60 requires little management . In other words , each of the 
loop , which may run parallel to the hot conductor loop . A power balanced loads in the grouping requires approxi 
looped system may provide redundancy . In another embodi - mately the same amount of electrical current . Utilizing 
ment , conductors of the power distribution wiring harness dedicated power distribution wiring harnesses permits trans 
104 are twisted , such as in twisted pairs . mission of only the required operating current or operating 

In one embodiment , one or more inductive coupling 65 current range for each grouping . Advantageously , each 
modules 106 each receive power inductively from the power grouping therefore does not need or requires only a few 
distribution wiring harness 104 . In FIG . 1 , the inductive additional current management / dissipation devices because 



US 10 , 277 , 080 B2 
10 

the current or power transmitted by the dedicated power carrier frequency and the communication signal may be 
distribution wiring harness is tailored to that grouping of combined with the AC voltage waveform for both power 
power balanced loads . distribution and communications . According to one embodi 

According to an alternate embodiment , only one power ment , the signal injection module 202 is structured to inject 
distribution wiring harness is utilized . In this case , one or 5 a communication signal that is specific to a particular load . 
more current management / dissipation devices ( shunting ) According to one embodiment , the signal injection mod 
may also be provided . In operation , many types of operating ule 202 is structured to inject the communication signal 
currents may be needed for many of the loads ( e . g . , a during a predefined electrical noise range of operation in the 
milliamp current for one load and a few ampere current for system ( e . g . , vehicle 112 ) . According to one embodiment , 
another load , etc . ) . Accordingly , a transmission of only one 10 the predefined electrical noise range of operation corre 
limited range of current values may be inapplicable / insuf - sponds with a low electrical noise operating range . During 
ficient for many of the loads . In this situation , transformers operation of the vehicle 112 , the components of the vehicle 
or shunting devices may be utilized to regulate the amount generate electromagnetic interference . During transient 
of current for each load . Compared to the previous embodi - moments of operation , the electromagnetic interference may 
ment , this configuration is advantageous in the fact that only 15 correspond with a low amount of interference . At which 
one power distribution wiring harness may be required . point , the signal injection module 202 provides the commu 

According to still another embodiment , an electrification nication signal . Due to the low amount of interference , the 
device may be included with each load or with each group communication signal is less likely to be adversely impacted 
of power balanced loads . The electrification device may be by the interference . According to one embodiment , the 
structured as a power storage device ( e . g . , a capacitor , a 20 signal injection module 202 is structured to inject a burst 
battery , etc . ) . The power storage device ( s ) may periodically communication signal during the low electrical noise oper 
or constantly receive power from the power distribution ating range . The burst communication signal may include 
wiring harness 104 to charge the power storage devices . The multiple messages for one or more of two or more power 
power storage device is structured to selectively provide balanced loads . 
electrical power to the load or to one or more loads in the 25 Determination of a low electrical noise operating range is 
group of power balanced loads . In another configuration , the highly configurable . For example , one or more pieces of 
power storage device may be structured to selectively pro electromagnetic measuring devices may be included in the 
vide electrical power to the inductive coupling module , vehicle and maintain a history log of electromagnetic inter 
which the inductive coupling module then provides the ference in the vehicle . Based on the history log , an average 
electrical power to the load . In operation , if only one power 30 or median value of electromagnetic interference may be 
distribution wiring harness is used , the AC power module determined and a low electromagnetic interference range 
102 may be structured to provide different levels of electrical prescribed . When the measured electromagnetic interference 
current , for example : high levels of electrical current for is within the low electromagnetic interference range , the 
high powered loads , medium levels of electrical current for signal injection module 202 is structured to provide the 
medium powered loads , and low levels of electrical current 35 communication signal ( or burst signal ) . In another example , 
for low powered loads . In each transmission instance , the an amount of electromagnetic interference in the system 
inductive coupling modules 106 that correspond with each may be determined and / or estimated based on operation of 
current transmission level that is not presently being trans - one or more loads . For example , a high power output from 
mitted may be powered off or otherwise disconnected from the alternator may represent a high amount of electromag 
the wiring harness 104 . While those disconnected inductive 40 netic interference . The signal injection module 202 may be 
coupling modules 106 may not for a certain amount of time structured to provide the communication signal or burst of 
receive power from the power distribution wiring harness communication signal when the alternator is operating in a 
104 , the inductive coupling modules 106 or specific loads predefined low operating range ( corresponding to a low 
may still receive power from the power storage devices . electrical noise operating range ) . While the determination 
Thus , the use of the power storage devices in this manner 45 above is based on only one load device ( i . e . , the alternator ) , 
may function to regulate the power distribution to power in other embodiments , the determination of electrical noise 
balanced loads without requiring dedicated power distribu - may be based on the operating characteristics of two or more 
tion wiring harnesses . devices . In each configuration , the signal injection module 

FIG . 2 is a schematic block diagram of another embodi - 202 is structured to determine or receive an indication of a 
ment of an inductively coupled power distribution system 50 low electrical noise operating range existing and , conse 
200 . The power distribution system 200 includes an AC quently , provide the communication signal . According to an 
power module 102 , a power distribution wiring harness 104 , alternate embodiment , various amounts and placements of 
and several inductive coupling modules 106 connected to electromagnetic shielding may be included with the vehicle 
loads 108 , an engine system 110 , a vehicle 112 , and a DC 112 or system in order to shield the communication signal 
power source 114 , which are substantially similar to those 55 from interference , such that the signal injection module 202 
described above in relation to the power distribution system may provide the communication signal at any time . All such 
100 of FIG . 1 . The power distribution system 200 also variations are intended to fall within the spirit and scope of 
includes a signal injection module 202 and signal receiver the present disclosure . 
modules 204 , which are described below . In one embodiment , the communication signal includes 

In one embodiment , the inductively coupled power dis - 60 one or more instructions , messages , commands , controls , 
tribution system 200 includes a signal injection module 202 etc . for one or more loads 108 . The one or more instructions , 
that injects a communication signal on the power distribu - messages , commands , controls , etc . may include data , val 
tion wiring harness 104 . The communication signal includes u es , and the like . In another embodiment , the communica 
one or more frequencies that are higher than , lower than , or tion signal is for other communications , such as data transfer 
the same as a fundamental frequency of the AC voltage 65 to a computing system , operating system commands , signals 
waveform . The signal injection module 202 may use a for reporting a condition of the power distribution system 
frequency generated by the AC power module 102 as a 200 or other communications known to those in the art . The 
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communication signal , in one embodiment , includes several nents in the AC power module 102 or other components 
communication signals or messages . In one embodiment , the within the power distribution wiring harness 104 may be 
communication signal includes an address along with a tuned so that the specific frequency is a resonant frequency , 
command , message , data , etc . The address may allow a which the AC power module 102 may amplify . For example , 
device with the address to receive the communication signal 5 the AC power module 102 and inductive coupling module 
while other devices may ignore the communication signal . 106 may include components of a wireless power transfer 

In one embodiment , the signal injection module 202 is a system that includes an LLC resonant inverter , transmission 
controller or is controlled by a controller . The controller , for pad 302 , a receiver pad , and an LLC resonant converter . The 
example , may control devices and systems within the power AC power module 102 may include an H - bridge along with 
distribution system 200 , within the engine system 110 , 10 an LLC resonant inverter and converter section and a 
within the vehicle 112 , and / or within some other system or transmission pad 302 . The inductive receiver module 304 
network . For example , the signal injection module 202 may may include the receiver pad , such that power is transmitted 
be controlled by a processor and the communication signal inductively from the transmission pad 302 to the receiver 
may be part of network communications . pad ( i . e . , receiver module 304 ) . In other words , the LLC 

In one embodiment , the power distribution system 200 15 converter would be placed on the front end of the system and 
includes a signal receiver module 204 that filters the com - combined with the AC power module 102 , where the LLC 
munication signal from power received from a wireless converter is creating the proper power signal to be placed on 
coupling module 106 . For example , a signal receiver module the distribution harness 104 . Components of the resonance 
204 may be located downstream from an inductive coupling enhanced magnetic induction system may be designed with 
module 106 . In another example , a signal receiver module 20 a particular minimum coupling coefficient between the 
204 may be associated with a load 108 . For instance , the transmission pad 302 and receiver pad . The coupling coef 
signal receiver module 204 associated with a load 108 may ficient is typically affected by alignment and distance 
connect to the load 108 and may control the load 108 based between the transmission pad 302 and receiver pad . One or 
on the received communication signal . In one embodiment , more mechanical fasteners , attachment mechanisms , etc . 
the signal receiver module 204 may include an address . 25 may be used to maintain the receiver pad in a position to 

While FIG . 2 depicts two signal receiver modules 204 , maintain the coupling coefficient above a minimum value . 
one skilled in the art will understand that the power distri - Maintaining the coupling coefficient above a minimum 
bution system 200 may include numerous signal receiver value may allow efficiency of the wireless power transfer to 
modules 204 . In one instance , a signal receiver module 204 be above a specified level . 
may receive a communication signal directly from the power 30 In one embodiment , the inductive coupling module 
distribution wiring harness 104 . In one embodiment , a signal includes a transmission pad 302 located in proximity to an 
receiver module 204 connects to a computing device ( not inductive receiver module 304 . The transmission pad 302 
shown ) or other device ( not shown ) not receiving power may include a magnetic component and / or coiled wiring to 
from the power distribution system 200 . For completeness , capture magnetic lines of flux generated by an electromag 
the computing device or other device receives power from 35 netic field created by the AC signal , to couple the primary 
one or more power sources ( not shown ) , such as a battery distribution harness ( i . e . , harness 104 ) to a secondary dis 
like a coin cell . tribution harness ( i . e . , inductive receiver module 304 ) in 

In another embodiment , the power distribution system order to transmit at least one of a communication signal ( i . e . , 
200 includes one or more additional signal injection mod - from signal injection module 202 ) and power to one or more 
ules 202 to allow bidirectional communications . For 40 loads in a power and / or communications system . In another 
example , a signal injection module 202 and a signal receiver embodiment , the transmission pad 302 is a wire of the power 
module 204 may be paired to both send and receive com - distribution wiring harness 104 . For example , the power 
munication signals . In the embodiment , the inductive cou - distribution wiring harness 104 may be twisted prior to and 
pling module 106 may be able to pass communication after the wireless coupling module 106 and the twisting may 
signals bidirectionally . 45 be halted at the inductive coupling module 106 . The induc 

FIG . 3A is a schematic block diagram of one embodiment tive receiver module 304 may also include a receiver pad 
of an inductive coupling module 106 . In the embodiment , with a magnetic component and / or coiled wiring along with 
the inductive coupling module 106 includes one or more of additional resonant components , such as capacitors , induc 
a transmission pad 302 in the power distribution wiring tors , etc . In the embodiment , the inductive receiver module 
harness 104 , an inductive receiver module 304 , and a power 50 304 reacts to the electromagnetic field generated by the 
conditioning module 306 . According to an exemplary transmission pad 302 and generates an AC waveform . In one 
embodiment , the inductive receiver module 304 receives at embodiment , the resonant frequency is designed for opti 
least one of power and data ( referred to collectively as mum power transfer while minimizing negative effects , such 
" signals ” ) from the transmission pad 302 via the harness as skin effect , unwanted electromagnetic interference , etc . 
104 . The inductive receiver 304 may transfer the signals via 55 The resonant frequency , for example , may be above 1 kHz 
power conditioning module 306 ( e . g . , to rectify the power and below 1 MHz . In example , the resonant frequency may 
signal from AC to DC ) before transmitting it to the load 108 . be 10 kHz or other similar frequency . 
In one example , the signals from transmission pad 302 to In one embodiment , the AC waveform includes the reso 
inductive receiver 304 are transmitted inductively . As such , nant frequency . The power conditioning module 306 , in one 
traditional wired , physical connections are eliminated ( i . e . , 60 embodiment , converts the AC waveform received by the 
contact - less connections ) . inductive receiver module 304 to a DC waveform . For 

According to one example , the inductive coupling module example , the power conditioning module 306 may include a 
106 may be part of a resonance enhanced magnetic induc - rectifier section . In another embodiment , the power condi 
tion system . In a resonance enhanced magnetic induction tioning module 306 includes an AC - to - DC converter and 
system , the AC waveform may include a frequency that is a 65 regulator section to regulate the DC output voltage of the 
resonant frequency . The AC power module 102 may gener - power conditioning module 306 before providing the DC 
ate an AC waveform with a specific frequency , and compo - voltage to the load 108 . In another embodiment , the power 
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conditioning module 306 filters the AC waveform and ment may increase system reliability due to fewer connec 
passes a sinusoidal or near sinusoidal waveform to the load tions that may fail . In addition , the power distribution wiring 
108 . In another embodiment , a signal receiver module 204 harness 104 may be designed without connections , such that 
controls voltage from the inductive coupling module 106 to the inductive coupling modules 106 may connect at any 
the load 108 . In another embodiment , power from the power 5 convenient location . The addition of an inductive coupling 
conditioning module 306 is passed to the load 108 and the module 106 at a later time may be easier than a connection 
signal receiver module 204 controls the load directly . requiring cutting the power distribution wiring harness 104 . 

FIG . 3B is a schematic block diagram of another embodi - One of skill in the art will recognize other advantages of an 
ment of an inductive coupling module 106 . In the embodi - inductively coupled power distribution system 100 , 200 with 
ment , the inductive coupling module 106 includes an induc - 10 inductive power transfer . 
tive coupler 308 along with a power conditioning module Referring now to FIG . 4 , a method 400 of providing at 
306 that may be substantially similar to the power condi - least one of power and communication data in a system is 
tioning module 306 described above in relation to FIG . 3A . shown according to one embodiment . In one example , the 
According to an exemplary embodiment , the inductive cou - system is a vehicle and the method 400 is implemented with 
pler 308 is composed of a magnetic material ( e . g . , a ferrous 15 the components described herein above . Accordingly , refer 
material ) , such that magnetic fields on the primary winding ence may be made to one or more of those components in 
of the inductive coupler 308 are induced onto the secondary explanation of the method 400 . 
winding of the coupler 308 . According to one embodiment , At process 402 , alternating current ( " AC " ) electrical 
the inductive coupler 308 may be configured as a split - ring power is provided . In one embodiment , an AC power 
resonator ( “ SRR ” ) that , when placed in a periodic structure , 20 module such as AC power module 102 provides the AC 
helps to manipulate the received electromagnetic waves electrical power . The AC power module 102 may include an 
( i . e . , power or communication signals ) before transmitting AC power generator and / or may invert DC power from a DC 
the waves to the power conditioning module 306 . Like power source ( e . g . , a battery ) to the AC electrical power . At 
above , the SRR , in one embodiment , is made of magnetic process 404 , two or more electrically - powered loads are 
materials , such as a ferrous material . The SRR typically 25 provided that are in a power balance relationship with one 
includes a gap that serves as a capacitance and the SRR may another . As described above , a power balanced relationship 
serve as an inductor based on the self - inductance of the refers to the fact that the two or more loads require the same 
SRR . Typically , the gap is a fixed distance and as minimal or substantially the same amount of power to be driven 
as possible to prevent and limit flux leakage ( the same is true operated . At process 406 , the AC electrical power is received 
of a ferrous inductive coupler 308 ) . The SRR , in one 30 by , for example , a power distribution wiring harness such as 
embodiment , is a tunable resonant structure . The SRR may power distribution wiring harness 104 . The power distribu 
be coupled to the power distribution wiring harness 104 such tion wiring harness 104 may have any type of structure . For 
that the AC waveform generated by the AC power module example , when method 400 is used with a vehicle , the wiring 
102 is transmitted inductively to the SRR of the inductive harness may be structured as a twisted - pair . At process 408 , 
coupler 308 . In one embodiment , magnetic flux penetrating 35 the AC electrical power is received by an inductive coupling 
the SRR induces a rotating current in the SRR , which module , such as inductive coupling module 106 , from the 
establishes a localized field . In one embodiment , the gap in power distribution wiring harness . In this regard , the AC 
the SRR is designed to support resonant wavelengths much electrical power is received inductively by the inductive 
larger than the diameter of the SRR . According to various coupling module . At process 410 , the inductive coupling 
other embodiments , the inductive coupler 308 may include 40 module transmits the received AC electrical power to at least 
other shapes , such as cylindrical , shell , or a planar structure . one of the two or more electrically powered loads . 
Other components in the inductive coupler 308 , such as According to one embodiment , prior to transmission of 
wiring , transmits the received power to the power condi the received AC electrical power , the AC electrical power is 
tioning module 306 , which then transmits power to a load converted to DC electrical power to accommodate DC 
108 . As described in relation to FIG . 3A , a signal receiver 45 driven loads . In this case , an AC - to - DC converter may be 
module 204 may also interact with the inductive coupling included with the inductive coupling module or be electri 
module 106 and / or load 108 . cally coupled to the inductive coupling module . 

Other contact - less power transfer technologies may also Method 400 may be modified to include communication 
be used in the power distribution systems 100 , 200 described signals as well . For example , method 400 may further 
above . Other examples may include magnetic induction with 50 include receiving a modulated communication signal and 
electromagnetically induced transparency ( " EIT ” ) , conduc - filtering the modulated communication signal from the 
tive coupling , radio frequency energy harvesting , and other power received from the inductive coupling module . In this 
known methods of contact - less power transfer . An induc - regard , method 400 may be used with the components 
tively coupled power distribution system 100 , 200 with a described above and their corresponding structure / function 
power distribution wiring harness 104 may be routed 55 ality . 
through an engine system 110 , through a vehicle 112 , or The present disclosure may be embodied in other specific 
through another structure and inductive coupling modules forms without departing from its spirit or essential charac 
106 that may connect to the power distribution wiring teristics . The described embodiments are to be considered in 
harness 104 at a convenient location to tap into power and all respects only as illustrative and not restrictive . The scope 
communication signals in the power distribution wiring 60 of the invention is , therefore , indicated by the appended 
harness 104 . The inductive coupling module 106 and the claims rather than by the foregoing description . All changes 
power distribution wiring harness 104 may transfer power which come within the meaning and range of equivalency of 
through the inductive coupling module 106 without inter - the claims are to be embraced within their scope . 
rupting the power distribution wiring harness 104 wiring . What is claimed is : 
For example , an inductive coupling module 106 may clip to 65 1 . An apparatus , comprising : 
the power distribution wiring harness 104 without the power an AC power module structured to provide alternating 
distribution wiring harness 104 being cut . Such an arrange current ( “ AC ” ) electrical power ; 
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a power distribution wiring harness structured to receive wherein the inductive coupler is structured to receive the 

the AC electrical power from the AC power module ; AC electrical power inductively from the power distri 
a first group of loads in a power balanced relationship bution wiring harness . 

with each other such that each load in the first group of 9 . The apparatus of claim 8 , wherein the inductive coupler 
loads consumes approximately a same amount of 5 includes a split - ring resonator . 
power during operation ; 10 . A vehicle , comprising : 

a second group of loads in a power balanced relationship a battery structured to provide direct current ( “ DC ” ) 
with each other , the second group consuming less power ; 
power than the first group , and wherein each load in the an AC power module electrically coupled to the battery , 
second group of loads consumes approximately a same 10 the AC power module including a DC - to - AC inverter 
amount of power during operation ; structured to invert the direct current power from the 

a plurality of inductive coupling modules wirelessly battery to alternating current ( “ AC ” ) electrical power ; 
coupled to the power distribution wiring harness , and a power distribution wiring harness that includes at least 
electrically coupled to at least one of the first group and two wires , the power distribution wiring harness elec 
the second group to inductively receive AC electrical 15 trically coupled to the engine and the AC power mod 
power from the power distribution wiring harness and ule , wherein the power distribution wiring harness is 
transmit the AC electrical power to at least one of the structured to receive AC electrical power from the AC 
first group and the second group ; and power module ; 

a signal injection module structured to inject a commu a first group of loads ; 
nication signal on the power distribution wiring harness 20 a second group of loads , the second group consuming less 
using signal modulation during a transient moment of power than the first group , wherein individual loads in 
operation corresponding to a low electrical noise oper the first group of loads are different than individual 
ating range of electromagnetic interference generated loads in the second group of loads ; 
by components of a vehicle , a plurality of inductive coupling modules dedicated to at 

wherein individual loads in the first group of loads are 25 least one of the first group and the second group , 
different than individual loads in the second group of wirelessly coupled to the power distribution wiring 
loads . harness , and electrically coupled to at least one of the 

2 . The apparatus of claim 1 , further comprising a power first group and the second group in the vehicle to 
storage device electrically coupled to one of the first group inductively receive AC electrical power from the power 
or the second group and structured to inductively receive AC 30 distribution wiring harness and transmit the AC elec 
electrical power from the power distribution wiring harness trical power to at least one of the first group and the 
and to selectively provide electrical power to at least one of second group in the vehicle ; and 
the first group or the second group . a signal injection module structured to inject a commu 

3 . The apparatus of claim 1 , further comprising : nication signal for a desired load of the second group on 
a signal receiver module structured to filter the commu - 35 the power distribution wiring harness using signal 

nication signal from the power received from an induc modulation during a predefined electrical noise range 
tive coupling module , wherein the communication sig of operation in the vehicle , wherein the predefined 
nal comprises one or more frequencies that are higher electrical noise range of operation corresponds with a 
than a fundamental frequency of an AC voltage wave low electrical noise operating range . 
form of the AC electrical power ; 40 11 . The vehicle of claim 10 , further comprising a power 

wherein the second group includes a sensor circuit in the storage device electrically coupled to the first group and 
vehicle . structured to inductively receive AC electrical power from 

4 . The apparatus of claim 1 , wherein the signal injection the power distribution wiring harness and to selectively 
module is structured to inject a burst communication signal provide electrical power to the first group . 
during the low electrical noise operating range , wherein the 45 12 . The vehicle of claim 10 , further comprising : 
burst communication signal includes multiple messages for a signal receiver module structured to filter the commu 
at least one of the first group or the second group . nication signal from power received from the at least 

5 . The apparatus of claim 1 , further comprising : one inductive coupling module ; 
an AC - to - DC converter electrically coupled to the at least wherein the second group includes a sensor circuit for the 
one inductive coupling module , wherein the AC - to - DC 50 vehicle . 
converter is structured to receive the AC electrical 13 . The vehicle of claim 10 , wherein the signal injection 
power and convert the AC electrical power to an output module is structured to inject a burst communication signal 
DC power , wherein the AC - to - DC converter is struc - during the low electrical noise operating range , wherein the 
tured to provide the output DC power to a desired load burst communication signal includes multiple messages for 
in at least one of the first group and the second group ; 55 at least one of the first group and the second group . 

wherein the AC power module comprises a DC - to - AC 14 . The vehicle of claim 10 , wherein the communication 
inverter structured to invert direct current ( “ DC " ) signal includes one or more frequencies that are higher than 
power from a DC voltage source to the AC electrical a fundamental frequency of an AC voltage waveform of the 
power . provided AC electrical power . 

6 . The apparatus of claim 1 , further comprising an AC 60 15 . The vehicle of claim 14 , wherein the one or more 
voltage source structured to provide the AC electrical power frequencies are between approximately 5 and 6 megahertz , 
to the AC power module . and wherein the AC voltage waveform is less than or equal 

7 . The apparatus of claim 1 , wherein the power distribu - to 150 kilohertz . 
tion wiring harness includes a twisted - pair wiring harness 16 . The vehicle of claim 10 , wherein the inductive cou 
for the vehicle . 65 pling modules are structured to provide bi - directional com 

8 . The apparatus of claim 1 , wherein the inductive cou - munication , the bi - directional communication is structured 
pling module includes an inductive coupler , to include providing the communication signal from the 
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signal receiver module to an inductive coupling module and electrical noise range corresponding with a low elec 
providing the communication signal from the inductive trical noise operating range . 
coupling module to the signal receiver module . 19 . The method of claim 18 , further comprising 

17 . The vehicle of claim 10 , wherein at least one inductive storing energy received via the inductive coupling module 
coupling module is electrically coupled to a fan and an air 5 with a power storage device , and 

selectively providing electrical power from the power compressor , and wherein at least one another inductive storage device to at least one of the first group and the coupling module is electrically coupled to an alternator . second group . 
18 . A method , comprising : 20 . The method of claim 19 , further comprising : 
providing , by an alternating current ( “ AC ” ) power mod filtering , by the inductive coupling module , the modulated 

ule , AC electrical power ; communication signal from the power received from 
providing a first group of loads ; the inductive coupling module ; 
providing a second group of loads consuming less power wherein the second group includes a sensor circuit for the 

than the first group , wherein individual loads in the first vehicle . 
group of loads are different than individual loads in the 15 21 . The method of claim 20 , further comprising 
second group of loads ; providing , by the power distribution wiring harness , the 

receiving , by a power distribution wiring harness in a modulated communication signal to the first inductive 
vehicle , the AC electrical power ; coupling module , 

receiving , by an inductive coupling module dedicated to wherein the inductive coupling module is structured to 
at least one of the first group and the second group , the 20 provide the modulated communication signal to at least 
AC electrical power from the power distribution wiring one of the first group and the second group . 

harness , wherein the AC electrical power is received 22 . The method of claim 18 , further comprising 
inductively from the power distribution wiring harness ; providing a burst communication signal during the low 

transmitting , by the inductive coupling module , the electrical noise operating range , 
received AC electrical power to at least one of the first 25 wherein the burst communication signal includes multiple 

messages for one or more of the first group or the group and second group ; and 
receiving , by the power distribution wiring harness , a second group . 
modulated communication signal during a predefined * * * * * 


